Context. The determination of interstellar abundances is essential for a better understanding of stellar nucleosynthesis and the "chemical" evolution of the Galaxy. O is mainly a product of lower mass stars, the ratio from the inner Galaxy indicates a dominance of CNO-hydrogen burning products that is also apparent in the carbon and nitrogen isotope ratios. The high 18 O/ 17 O value of the solar system (5.5) relative to that of the ambient interstellar medium suggests contamination by nearby high-mass stars during its formation. The outer Galaxy poses a fundamental problem. High values in the metal-poor environment of the outer Galaxy are not matched by the low values observed towards the even more metal-poor Large Magellanic Cloud. Apparently, the outer Galaxy cannot be considered as an intermediate environment between the solar neighbourhood and the interstellar medium of small metal-poor galaxies. The apparent 18 O/ 17 O gradient along the galactic disc and the discrepancy between outer disc and LMC isotope ratios may be explained by different ages of the respective stellar populations. More data from the central and far outer parts of the Galaxy are, however, needed to improve the statistical significance of our results.
Introduction
Isotope abundance ratios play an important role in our understanding of stellar nucleosynthesis and the secular "chemical" enrichment of the interstellar medium by stellar ejecta. While isotope ratios are not easily measured at optical wavelengths, observations of molecular clouds with their large number of molecular species allow us to distinguish between various isotopic species. In principle, accurate line intensity-and abundanceratios can then be determined.
A particularly useful tracer of nuclear processing and metal enrichment is the 18 O/ 17 O ratio because 18 O must be released primarily from high-mass stars (M>8M ⊙ ), while 17 O may predominantly be ejected from stars with lower mass (Henkel & Mauersberger 1993; Henkel et al. 1994; Langer & Henkel 1995) . Heger & Langer (2000) concluded that at the surface of rotating stars with masses of 8-25M ⊙ , 17 O is enriched and 18 O is depleted during hydrostatic burning prior to the supernova event. Most mass is ejected later, during the supernova explosion. While Hoffman et al. (2001) Figure A .1 (the spectra) is available in electronic form nuclear reaction rates, these reaction rates remain uncertain (see e.g. Stoesz & Herwig 2003) . To summarise, measured 18 O/ 17 O ratios have the potential to provide relevant constraints for models of stellar nucleosynthesis and "chemical" evolution.
The
18 O/ 17 O ratio is readily determined from the C 18 O/C 17 O line intensity ratio. Both C 18 O and C 17 O have similar chemical and excitation properties. Rotational lines of both isotopologues are traditionally assumed to be optically thin, although C 18 O can reach considerable optical depths in some regions (e.g., Bensch et al. 2001) . Oxygen isotopes are not fractionated (e.g., Langer et al. 1984) , which is related to the high first ionization potential of oxygen, 13.6 eV. Thus, O + should have a low abundance in molecular clouds and charge exchange reactions like those for carbon (see Eq. 1 in Watson et al. 1976) should not significantly affect atomic and molecular oxygen abundance ratios. To summarise, observed CO line intensity ratios are a good measure of 18 O/ 17 O.
Ratios of 18 O/ 17 O have commonly been determined for clouds in the solar neighbourhood and the inner Galaxy (see the reviews of Wilson & Matteucci 1992; Henkel et al. 1994; Wilson & Rood 1994; Kahane 1995; Bieging 1997) . For the galactic disc and centre region, Penzias (1981) Guélin et al. 1982 ) is within the errors consistent with the CO results for the galactic centre region. The observed interstellar ratios as well as many ratios from envelopes of late-type stars of intermediate mass (some of them with 18 O/ 17 O<1; e.g. Kahane et al. 1992 ) differ significantly from the solar system 18 O/ 17 O ratio of 5.5, and Prantzos et al. (1996) even considered the possibility of measurement errors in the galactic data.
The above-mentioned C 18 O and C 17 O observations were made in the J=1-0 transitions alone, which is not sufficient when trying to account for radiative transfer effects. There exist also some J=2-1 data (e.g. Hofner et al. 2000; White & Sandell 1995) , but these have been used to analyse C 18 O optical depths and column densities, rather than studying the isotope ratio itself. Bensch et al. (2001) observed the definitely optically thin 13 C 18 O and 13 C 17 O J=1-0 lines and derived 4.15±0.52 at one position in the nearby (d∼140 pc) ρ Oph cloud. The same cloud was observed towards 21 positions in the J=1-0, 2-1, and 3-2 transitions of C 18 O and C 17 O by Wouterloot et al. (2005) . Large Velocity Gradient (LVG) model calculations combining these data resulted in a similar but more accurate value, 4.11±0.14, for the 18 O/ 17 O ratio. Very recently, Zhang et al. (2007) measured the J=1-0 lines towards a selected area of the southern star forming region NGC 6334 (d∼1.7 kpc). Under the (in this case realistic) assumption that all C 18 O lines were optically thin, they obtained a ratio of 4.13±0.13.
To date, little has been done to analyse molecular abundances in clouds at the edge of the Galaxy (for a pioneering study, see Wouterloot & Brand 1996) . With respect to the solar neighbourhood, the far-outer Galaxy, at galactocentric radii of R GC >16 kpc, is characterised by a low metallicity, a weak interstellar radiation field, a small cosmic ray flux, and a low largescale average gas pressure (Brand & Wouterloot 1995 , Ruffle et al. 2007 , and references therein).
Our initial measurements of two objects at large galactocentric radii, DDT94 Cloud 1 and DDT94 Cloud 2 (Digel et al. 1994) , with distances of R GC of 22 and 17±2 kpc (Smartt et al. 1996) did not provide conclusive results. Therefore, to derive more reliable values, we have observed four objects from the catalogue of Wouterloot & Brand (1989) with stronger C 18 O lines (T * A ∼ 1 K versus 0.2 K for the DDT94 clouds) to cover the range of R GC beyond 15 kpc. In addition, we have reobserved objects at 0 kpc < ∼ R GC < ∼ 10 kpc to compare these results with previous estimates based on the J=1-0 line alone. Our sample consists of 25 positions in 18 sources that are observed in the J = 1-0, 2-1, and 3-2 rotational lines of C 18 O and C 17 O. 13 CO(1-0) and (2-1) data were also taken.
Observations

IRAM 30-m
On March 4, 1995, we used the IRAM 30-m telescope 1 to observe C 18 O and C 17 O (1-0, 2-1) towards DDT94 Cloud 1 and 2. Between July 28 and August 2, 1995, we used the same telescope to observe C 18 O (1-0, 2-1) and C 17 O (1-0, 2-1) (see Table 1 ) towards the other clouds of our sample. We used three SIS receivers simultaneously (first for C 18 O J=1-0, 2-1 and C 17 O 2-1, then for C 17 O 1-0, 2-1 and C 18 O 2-1; all data were consistent) in combination with an autocorrelator split into three parts with equal velocity resolutions (in most cases 0.10 km s −1 ). Towards most positions we initially used frequency-switching (by 7.9 and 15.8 MHz at 3 mm and 1.3 mm, respectively). Towards sources with broad lines, however, we observed in a position-switching (total power) mode. Offsets of the reference positions are given in Table 2 . Velocity resolutions and rms values of the spectra are displayed in Table 3 (see Sect. 3). At positions with weak C 17 O lines, frequency-switched spectra showed prohibitively large baseline ripples. Therefore these sources were also observed in total power mode. From most spectra obtained in total power mode we subtracted a low order baseline. Remaining baseline ripples due to standing waves were removed by subtracting a sinusoidal baseline.
To investigate the importance of radiative transfer effects we observed 13 CO (1-0) and (2-1) simultaneously with C 18 O (1-0) and (2-1) between May 10 and 15 and on September 7, 2000. All observations were made in a total power mode. For the four sources from the sample of WB89, the 13 CO and C 18 O data were taken from Wouterloot & Brand (1996) .
On April 4-5, 2005, we used HERA to observe C 18 O (2-1) towards all sources. HERA consists of two 9 pixel receivers on 3x3 arrays (a 24 ′′ raster). The spectral resolution was 0.11 km/s and observations were made using position switching. These data are used to convolve the J=2-1 and J=3-2 spectra to the IRAM J=1-0 angular resolution.
An rms pointing accuracy of about 3 ′′ was determined from scans across nearby continuum sources. Planet measurements showed that the receiver alignment was within 1-4
′′ . The observed transitions, frequencies, beamsizes, beam and forward efficiencies are given in O and C 17 O(3-2) . The JCMT observations were made with the 2x800 channel DAS autocorrelator and the dual polarization RxB3 SIS receiver using position switching. The channel spacing was 156 -625 kHz and the bandwidth was 250 -920 MHz, depending on the line width of the source. Offsets of the reference positions used are given in Table 2 . Pointing was done on nearby continuum sources and was generally accurate to within 3 ′′ . From the JCMT archives we obtained C 17 O(3-2) and C 18 O(3-2) data towards G34.3+0.2, W3OH, and NGC7538. The JCMT archival data are from standard sources which are frequently observed, and always after doing a pointing observation on the source itself. The coordinates are within a few arcsec (much less than the beamsize and within the pointing accuracy) of the positions used for our IRAM 30-m observations. In some cases several spectra were available. Discrepant results and measurements with too low velocity resolution, affecting peak intensities, were not considered and the remaining spectra were averaged.
Calibration uncertainties
Calibration uncertainties in individual spectra may amount to ±10% which corresponds to ±14% in line intensity ratios. Changes in telescope efficiencies (see Table 1 ) may also contribute to the error budget. Like the uncertainties in the efficiencies, pointing errors may also affect those intensity ratios where the two lines were measured separately. This holds for all JCMT observations. As mentioned in Sect. 2.2, however, results from repeatedly observed sources turn out to be consistent. A direct way to assess the quality of the IRAM data is provided by Table 3 . Here, line parameters for the C 18 O J=1-0 and 2-1 lines are given twice, because the lines were once observed together with C 17 O and another time with 13 CO. The uncertainty in the IRAM line ratios will be less than those in the line intensities which are suggested by differences between both sets of C 18 O measurements, because the ratios are commonly based on simultaneous observations. Nevertheless, the data displayed in Table 3 provide firm upper limits to the full error budget of the IRAM line intensities. Table 2 contains the sample of observed sources. Sgr B2 is the most prominent star-forming region close to the galactic centre, L 134N is a dark cloud near the Sun, and WB89 380, WB89 391, WB89 437, and WB89 501 are sources located in the far outer Galaxy. The other targets are star forming regions located at an intermediate range of galactocentric radii, extending from the inner "molecular ring" out to the Perseus arm. The complete set of spectra is displayed in the appendix ( Fig. A.1 ) that is available in electronic form. All spectra of an individual source are plotted on the same velocity scale. Line parameters obtained from Gaussian fits to the J=1-0, 2-1, and 3-2 transitions are summarised in Table 3 . To compare abundances and not line intensities, we corrected the C 18 O/C 17 O line intensity ratios for the difference in frequency of both isotopologues, following Linke et al. (1977) and Penzias (1981) . This implies an increase of the ratios by a factor 1.047. For W51d, all parameters were calculated for two velocity intervals, accounting for the two emission lines at +50 and +60 km s −1 detected towards this source. The new C 18 O HERA line parameters towards the WB89 sources agree with those obtained earlier, also with the 30-m telescope, by Wouterloot & Brand (1996) .
Results
The resulting C 18 O/C 17 O abundance ratios as a function of distance from the galactic centre, R GC are shown in Fig. 1 . Error bars accounting for the uncertainty in the line areas (obtained from baseline fits and given in Table 3 ), are not plotted to avoid confusion. For comparison we also show the results from Penzias (1981) for the J=1-0 transition. For the J=2-1 lines, we plot results from Hofner et al. (2000) , who used the 30-m telescope to observe C 18 O and C 17 O towards Hii regions of the inner Galaxy as well as towards W3(OH). The good agreement between our results and those of Penzias (1981) and Hofner et al. (2000) indicates that the calibration of our data is correct.
The distance to a given source can lead to a number of observational biases that are difficult to quantify and that do not facilitate a comparison between different parts of the Galaxy. With increasing distance, the linear beam size increases, leading potentially to the inclusion of a significant amount of relatively diffuse optically thin gas. On the other hand, a tendency to include brighter and more massive sources at larger distances may involve sources with systematically higher C 18 O opacities that may lead to underestimates of the C 18 O/C 17 O abundance ratios. To search for a distance-related bias, Fig 
Discussion
Overall trends
Not accounting for optical depth effects and omitting Sgr B2 and the far outer Galaxy clouds, our average C 18 O/C 17 O abundance ratios are 3.76±0.16 (J=1-0), 3.65±0.16 (J=2-1), and 3.08±0.12 (J=3-2), which can be compared with the Penzias (1981) J=1-0 galactic disc value of 3.65±0.15. The J=1-0 results agree within the errors. If we weight our data with their uncertainties, the average ratios become slightly smaller, i.e. 3.68±0.11, 3.38±0.13, and 2.74±0.10, respectively. We note, however, that smaller values tend to have smaller errors. Therefore, weighted averages may yield too small values and unweighted averages should be preferred. For the two SgrB2 positions average ratios are 2.99±0.06 (1-0), 2.26±0.17 (2-1), and 2.47±0.38 (3-2) (weighted 2.99±0.05, 2.27±0.14, and 2.32±0.30). The average ratios of the four far outer Galaxy clouds are 5.18±0.96 (1-0) and 5.02±0.22 (2-1) (weighted: 4.79±0.77 and 4.96±0.23).
Assuming (1) Brand & Wouterloot (1994) ; peak position from Wouterloot & Brand (1996) .
(2) Kinematic distance from the observed radial velocity and the rotation curve of Brand & Blitz (1993) . For W33 and G34.3+0.2, the near kinematic distance is given. Smartt et al. (1996) . (5) Menten et al. (2007) . (6) Anthony-Twarog (1982) . (7) Franco (1989) . (8) Kerr & Lynden-Bell (1986) ; we note that Eisenhauer et al. (2005) derived 7.62±0.32 kpc for the distance to the Galactic Centre which may be compared with the IAU value of 8.5 kpc assumed in this work. Gwinn et al.(1992) . (10) Lacy et al. (2007) . (11) Dickel et al. (1978) . DR 21cal position from Mauersberger et al. (1989) . (12 inner galactic disc are consistent with those of Penzias (1981) 1a shows an increasing scatter in the J=1-0 ratios as a function of R GC . While in the inner Galaxy ratios are < ∼ 4, there are a few higher ratios observed in clouds near the solar circle. Two (50%) of the four far outer Galaxy (FOG) clouds are also characterised by a high ratio. The J=2-1 ratios show a more systematic increase with R GC from about two near the galactic centre to about five at R GC =16 kpc. The J=3-2 ratios may follow this trend, but the ratios are generally smaller. The different behaviour of the J=1−0, 2−1, and 3−2 transitions may Penzias (1981) , the ratios were corrected for the difference in frequency of both isotopologues (increasing the ratios by a factor 1.047). Second line: Offset position, velocity resolution used and the uncertainties in the integrated intensities and line ratios. be caused by differences in excitation and line opacities. Partial saturation of the stronger C 18 O lines would lead to underestimated C 18 O/C 17 O abundance ratios. Since LVG calculations indicate τ (2−1) > τ (1−0) for a wide range of parameters, saturation should be more pronounced in the 2-1 transitions, which may explain some of the very low ratios obtained with the 2-1 lines for sources of the inner Galaxy. Clouds heated by young massive stars (this holds for the overwhelming majority of our sources, see Table 2 ) should be warm enough to yield τ 3−2 > τ 2−1 (the J=3 state is located ∼30 K above the J=0 level) which readily explains the relatively small J=3-2 C 18 O/C 17 O ratios, which are plotted in Fig. 1c .
Gradients may also be present in the 13 CO/C 18 O J=1-0 and 2-1 ratios (Figs. 3a and b) . If real, this can be explained by a lack Table 3 ) have been omitted to avoid confusion. The solar system value of 5.5 is marked by an asterisk. of diffuse gas in the high pressure environment of the galactic centre region, while sources further out may show large amounts of fractionated diffuse gas with enhanced 13 CO abundances (e.g., Watson et al. 1976; Bally & Langer 1982) .
To directly determine optical depths, we fitted the relative strengths of the two C 17 O (1-0) groups of hyperfine components for sources with sufficiently small linewidths. In most cases, i.e. for WB89 391, WB89 437, WB89 501, Ori-KL (30,-240), and L134N, the optical depth of the C 17 O(1-0) line is < ∼ 0. For all sources the combined data sets (excluding 13 CO, because some of it probably originates from a more diffuse lower density environment) have been analysed with an LVG code, in the same way as done by Wouterloot et al. (2005) for the ρ Oph cloud. We used rates by Flower (2001) for collisions with H 2 and assumed an ortho/para H 2 abundance ratio of three (our results are not sensitively dependent on this value). For L134N, a cold dark cloud, the same parameter space was used as for ρ Oph in Wouterloot et al. (2005) 
6 cm −3 , and 2.0 ≤ C 18 O/C 17 O ≤ 6.0). For the other sources T kin ranged from 5 K to 100 K or even 130 K (for DR21cal) using the same range of densities and C 18 O/C 17 O ratios as for L134N. In all cases the adopted velocity gradient was 5.0 kms −1 pc −1 that roughly reflects cloud size and measured linewidths.
The models were compared with the observations by calculating χ 2 values from the C 18 O peak temperatures and the C 18 O/C 17 O ratios, using for the latter integrated line temperatures. For this procedure, the observed peak T * A temperatures of C 18 O were converted to T mb temperatures except for L134N, where the emission is much less peaked at the observed position than for the other sources (see e.g., Pratap et al. 2000) . The J=2-1 and 3-2 peak temperatures used are those of spectra that were convolved to the J=1-0 resolution using results from the C 18 O (2-1) HERA maps. For the uncertainties we assumed a cal- 18 O/C 17 O ratio. The C 18 O/H 2 abundance ratio was assumed to be 1.7 10 −7 (Frerking et al. 1982) . The results are similar to those also accounting for a galactic C 18 O/H 2 abundance gradient.
ibration error of ±10% in the line temperatures and of ±14% in the line ratios (see Sect. 2.3). In Fig. 4, χ 2 is shown as a function of the adopted C 18 O/C 17 O ratio. This ratio was varied in steps of 0.125 (near the minimum χ 2 ) to 0.5. For these models we assumed the Frerking et al. (1982) C 18 O/H 2 abundance ratio of 1.7 10 −7 . All sources show a well-defined minimum. The parameters of the model with the lowest χ 2 are listed in Table 4 , Col. 4.
The average C 18 O/C 17 O ratio is 4.18±0.15. Excluding the two positions towards Sgr B2, which have low ratios (2.88±0.11), and the objects at R GC >16kpc, which have high values (5.02±0.45), the average ratio becomes 4.15±0.10. This is close to the values (4.11±0.14 and 4.13±0.13) derived for ρ Oph and NGC 6334 FIR II by Wouterloot et al. (2005) and Zhang et al. (2007) , respectively.
Introducing a C
18 O abundance gradient
From optical and FIR observations it has been shown that many metals show a considerable abundance gradient. Abundances decrease from the galactic centre to larger R GC (e.g., Rudolph et al. 2006) . Gradients amount to −0.078 dex/kpc for 14 N/H, −0.051 dex/kpc for 16 O/H, and −0.044 dex/kpc for 32 S/H (these are average values from optical and FIR measurements which yield slightly different results). For 12 C/H, there are only few data. Rolleston et al. (2000) Adopting the above mentioned 16 O/H abundance gradient of −0.051 dex/kpc, the oxygen abundance becomes a factor of 2.7 higher near the galactic centre and a factor of 2.4 lower at R GC = 16 kpc than in the solar neighbourhood. Similarly, the 16 O/ 18 O ratio is then factor of 2.1 lower near the centre (using a minimum 16 O/ 18 O ratio of 250) and a factor of 1.8 higher at R GC = 16 kpc than the fitted value near the Sun, 537 (Wilson & Rood 1994) which can be compared with the solar system value of 490 (Anders & Grevesse 1989) .
Applying both gradients to estimate 18 O/H, the ratios become a factor of 5.7 higher at the centre and a factor of 4.4 lower at R GC = 16 kpc than in the solar neighbourhood. Taking for 12 C the mean of the gradients determined by Rolleston et al. (2000) and Esteban et al. (2005) , -0.0865 dex/kpc, we obtain 12 C/H abundances that vary between 5.4 higher and 4.5 times lower within the same range of galactocentric radii. Since the gradients are uncertain and the true abundances also depend on chemical reactions in the clouds, the 18 O/H and 12 C/H gradients are identical within the error limits. In our LVG calculations we have therefore used the 18 O/H gradient for all sources to obtain a second estimate of 18 O/ 17 O ratios. For large R GC , the extrapolated lower abundances are consistent with chemical model calculations (Ruffle et al. 2007 ) simulating multi-line measurements of DDT94 Cloud 2.
The results are given in low ratios (2.88±0.11), and the objects at R GC >16kpc, which have higher values (5.03±0.46), the average ratio becomes 4.16±0.09. This is again close to the value derived by Wouterloot et al. (2005) for ρ Oph (see also Zhang et al. 2007 for NGC6334 FIR II). There are, however, differences in the derived kinetic temperatures and densities. In the first set of models (with fixed C 18 O/H 2 abundance ratios) the derived densities are significantly smaller at R GC >16kpc than for 3<R GC <10kpc. This difference is greatly reduced in the second set of models accounting for C 18 O/H 2 gradients (Fig. 6 ). If we assume that the H 2 densities in star forming clumps such as those in our selected sample are similar at all locations in the Galaxy, this indicates that the models with the abundance gradient are more realistic. Table 4 .
Implications
The two sets of models, either ignoring or accounting for radial C 18 O/H 2 abundance gradients across the Galaxy, suggest the existence of a C 18 O/C 17 O gradient from values slightly smaller than three near the galactic centre to values around five at large galactocentric radii (Fig. 5) . The 18 O/ 17 O ratio of Sgr B2 deduced from HCO + , 3.1±0.6 (Guélin et al. 1982) , is consistent with this result. Our results do suggest that the C 18 O/C 17 O ratio at 4 to 11 kpc from the galactic centre is larger than the value derived by Penzias (1981; 3.65±0.15 ). The reason is that the J=1-0 results from Penzias were not corrected for radiative transfer effects.
18 O is synthesised by helium burning on 14 N in massive stars. 14 N is a mostly secondary nucleus so that its abundance is highly metallicity-dependent, with low N/C and N/O abundance ratios at low metallicities (e.g., Wheeler et al. 1989) .
18 O may follow this trend.
17 O is mainly a product of CNO-hydrogen burning and is also released by stars of intermediate mass (for yields, see, e.g., Prantzos et al. 1996) .
To qualitatively reproduce the 18 O/ 17 O ratios observed in interstellar clouds and stellar objects, we should note that in individual dust grains from massive stars 18 O overabundances of up to two orders of magnitude can be reached (e.g., Amari et al. 1995) . Low ratios, sometimes below unity, are obtained towards late-type stars of intermediate mass (c.f., Sect. 1). The low values indicate that 18 O is destroyed in such stars (see also Henkel & Mauersberger 1993; Henkel et al. 1994) .
For the Large Magellanic Cloud (LMC), the C 18 O/C 17 O (2-1) ratio has been studied by Heikkilä et al. (1998) . These Clouds have even lower metallicities than the far outer Galaxy and are characterised by C 18 O/C 17 O ∼ 1.6, which is significantly lower than all measured interstellar values in the Galaxy. The LMC, which undergoes a phase of enhanced massive star formation, is metal-poor so that its 18 O abundance should be low. Very high C
18 O/C 17 O ratios are instead found in nuclear starbursts (e.g., Harrison et al. 1999; Wang et al. 2004 ). This may be a consequence of (1) high metallicities and (2) large amounts of ejecta from massive stars that must have enriched the interstellar medium.
In the central region of our Galaxy, metallicities are also high. However, here CNO burning dominates resulting isotope ratios of C, N, and O. Apparently, a nuclear starburst with large numbers of massive stars has not contaminated the galactic centre region since a long time. Products from helium burning are therefore underepresented in the C, N, and O isotope abundances, yielding a very low 12 C/ 13 C ratio (∼25), an extremely large 14 N/ 15 N ratio (of order 1000) (e.g., Wilson & Rood 1994) O ratios in the metal-poor outer Galaxy do not match the low values in the even more metal-poor LMC. Does this latter discrepancy imply that the metallicities of the outer Galaxy still permit efficient high-mass star production of 18 O? While the LMC is too metal-poor to make the process efficient? Or that, in spite of the presently visible large numbers of massive stars the LMC starburst is still too young to enrich the interstellar medium with 18 O-rich ejecta? Both possibilities appear to be farfetched. The first, because the metallicities are not that different (e.g., Hunter et al. 2007; Ruffle et al. 2007 ) to justify an extreme variation (by a factor of three) between measured 18 O/ 17 O ratios, the second, because the starburst in the LMC started as early as 50×10 6 yr ago (e.g., Westerlund 1990).
The galactic gradient and the difference between outer Galaxy and LMC may instead be interpreted in terms of current models of galacto-chemical evolution. The most accepted mechanism to explain the existence of abundance gradients is the so-called "biased infall" (e.g., Chiappini & Mateucci 1999) with the galactic disc being slowly formed from inside out. In such a scenario, 18 O abundances may be low in both the outer disc and LMC and the difference is mainly caused by 17 O. In the LMC, where star formation is ongoing since at least 10 10 yr (e.g., Hodge 1989), there was sufficient time to form 17 O predominantly from stars of intermediate mass. The outer Galaxy, however, may be too young to build up a similar 17 O abundance, with timescales (and abundances) rapidly decreasing the farther out the measured molecular cloud is located.
To summarise, we may have found a fundamental difference between the metal-poor outer regions of the Galaxy and the metal-poor LMC. Generalizing this result, the difference implies that the abundances of the outer regions of spirals cannot be considered to be intermediate between those found near the solar circle and those determined in small metal-poor dwarf galaxies. As a cautionary note, however, we have to emphasise that the 18 O/ 17 O ratios of the innermost and outermost galactic starforming regions are still based on a very small number of targets. Additional data to confirm or to reject the trend of rising 18 O/ 17 O ratios with galactocentric radius would thus be highly desirable.
Conclusions
To measure interstellar 18 O/ 17 O ratios, we observed three C 18 O and C 17 O transitions towards 25 positions in 18 galactic sources located at galactocentric distances 0 kpc ≤ R GC ≤ 16.9 kpc. These measurements are complemented by 13 CO observations in the two ground rotational transitions. C 18 O/C 17 O line intensity ratios from the J=2-1 and 3-2 transitions are lower than those from the 1-0 lines, indicating that optical depth effects have to be considered. This is also suggested by a comparison with the 13 CO (1-0) and (2-1) spectra.
